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Description 

This invention relates to the field of fabricating print- 
ed circuit boards and more particularly to a method and 
control system for applying solder flux to the circuit 
boards with a spray gun prior to soldering leads of circuit 
components to the board. 

The production of circuit hoards typically includes 
loading the circuit boards onto a conveyor line and trans- 
ferring them down the conveyor line to a station where 
the leads of electrical components are inserted into the 
holes through the circuit board by a machine and/or 
manually. The boards are then transferred to an edge 
handling conveyor which transfers the boards through 
a flux application station where solder flux is applied to 
the circuit boards so that the leads of the electrical com- 
ponents can later be soldered to the metallized areas of 
the board with a high quality solder bond. After moving 
through the flux application station, the boards are trans- 
ferred through a preheat zone to flash off the solvents 
from the flux and to preheat the board to minimize ther- 
mal shock from contact with solder wave. Continuing the 
process, the board is transported through a wave solder 
machine where the board moves over a wave of solder. 
The solder is drawn or forced up into through-holes con- 
taining the leads of the electrical components and solder 
bonds between the leads and the metallized sections of 
the board are formed. After leaving the wave solder ma- 
chine, the board is sent through a cleaning machine to 
remove the residue left from the flux, if necessary. The 
effectiveness of the flux application, the type of flux be- 
ing applied, the need to clean the board subsequent to 
soldering, and the need to clean the coating chamber in 
which the solder flux is applied, each present problems 
which are addressed by the present invention. 

As described in U.S. Patent No. 5,415,337, as- 
signed to Nordson Corporation of Westlake, Ohio, the 
assignee of the present invention, which is incorporated 
in its entirety herein, low-solid fluxes, or "no-clean flux- 
es" , which contain small amounts, e.g. , about 1% to 5% 
by weight of solids (activator and vehicle) and the re- 
mainder liquid solvent, such as isopropyl alcohol, are 
being increasingly used by circuit board manufacturers 
in an effort to eliminate the need to clean the circuit 
boards after soldering. Because of the small amount of 
solids within no-clean fluxes, the amount of residue left 
on the board is significantly reduced, as compared to 
the amount of residue remaining after the use of con- 
ventional rosin -based fluxes. These low-solid, no clean 
fluxes are particularly attractive because, as their name 
implies, and flux cleaning of the circuit boards after sol- 
dering *s not required, which results ,n a significant cost 
savings. 

The application of the no-clean fiuxes using the con- 
trol system described in Patent No. 5,415,337 has 
sometimes lead to problems because the controller is 
difficult to program for boards of varying length, for 
boards requiring more than one spray profile, forvarying 



speeds of the conveyor, for multiple boards carried on 
pallets, and for spraying selected sections of the boards. 

The problem with the control system described in 
Patent No. 5,415,337 is that the control system does not 
s always initiate the spray cycle for boards or sometimes 
initiates the spray cycle when a board is not in place. 
The latter problem generates overspray within the coat- 
ing chamber. This overspray wastes flux coating mate- 
rial and results in the chamber and the conveyor becom- 
10 ing covered with the flux coating material and being dif- 
ficult and time consuming to clean. Also, the overspray 
tends to clog up the control sensor which signals the 
location of the circuit board to the control system. This 
is detrimental because the spray is then turned on when 
is the board is not in the proper location. This exacerbates 
the problem oy generating even more overspray and 
creating an even greater mess which requires more fre- 
quent cleaning. Whenever the system is cleaned, the 
entire line must be shutdown, further increasing the 
20 overall manufacturing costs of the circuit boards. 

Therefore, there is a need for an easily programmed 
controller able to control a spray gun for applying solder 
fluxes, and particularly low-solid fluxes, to circuit boards 
so that an even coating of the solder flux is applied to 
25 the entire board irrespective of the speed of the convey- 
or line or the length of the board. In addition, there is a 
need for a controller able to control a gun for applying 
coatings of varying length and thickness to different 
zones of a single board. 
30 It is an object of the present invention to provide a 
system and method for applying a flux coating to a circuit 
board which obviates the problems and limitations of the 
prior art systems. 

It is a further object of the present invention to pro- 
35 vide a system and method for applying an even solder 
flux oating to a circuit board irrespective of the speed of 
the circuit board through the coating chamber. 

Yet another object is to provide a system and meth- 
od for applying an even coating of solder flux coating to 
40 a plurality of different length circuit boards moving down 
a conveyor line 

Still another object is to provide a system and meth- 
od for applying a flux coating to a circuit board with a 
pulsing pattern that pulses a spray gun on and off to coat 
45 a plurality of zones of a circuit board with different spray 
patterns. 

In accordance with a first embodiment of the inven- 
tion, a control system for controlling the application of a 
coating material to a substrate, such as a circuit board, 
so and the method of operating the control system includes 
a conveyor for transporting the substrate in a direction 
of travel. A spray gun emits a spray pattern of coating 
material. An encoder disposed adjacent the conveyor 
outputs encoder pulse signals corresponding to the dis- 
ss tance of travel of the conveyor. A sensor disposed ad- 
jacent the conveyor and upstream of the spray gun a 
first distance senses the length of the substrate on the 
conveyor and outputs a length signal corresponding to 
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a second distance between the leading edge and trailing 
edge of the substrate. A controller which is operatively 
connected to the spray gun, the encoder and the sensor, 
is activated in response to the length signal from the 
sensor to output a recurring sequence of trigger signals 
for pulsing the spray gun on for a period of time and for 
a distance of travel to apply a relatively even coating of 
material to the substrate irrespective of the speed of the 
conveyor or the length of the board. 

In a second embodiment of the invention, the con- 
trol system and method of operating the control system 
includes a controller that outputs a recurring sequence 
of trigger signals for pulsing the spray gun on for a period 
of time and for a distance of travel to apply coating of 
material at different rates to different regions of the sub- 
strate. 

Fig. 1 is a side, elevational schematic illustration of 
a system tor applying a flux coating with an airless 
spray gun operated by an improved controller onto 
a circuit board being transported by a conveyor 
through a coating chamber, in accordance with the 
invention; 

Fig. 2A, 2B, and 2C show the position of the spray 
gun with respect to the underside of a circuit board 
shown in cross section at three consecutive on puls- 
es of the gun; and 

Fig. 3 shows a plan view of a plurality of circuit 
boards carried on a pallet: 

Fig. 4 shows a plan view of a circuit board spayed 
by a pulse pattern having three zones of different 
length receiving different amounts of spray: 
Fig. 5 shows a plan view of a plurality of circuit 
boards carried on a pallet with each board being 
sprayed by a pulse pattern having three zones of 
different length receiving different amounts of 
spray; 

Fig. 6 shows a plan view of a plurality of circuit 
boards carried on a pallet a vacant space between 
two of the boards; 

Figs. 7A and 7B show encoder correlated plots of 
spray gun actuation for the present invention; and 
Figs. 70 and 7D show encoder correlated plots of 
spray gun actuation tor the prior art controller. 

Referring to Fig. 1 , there is shown a schematic il- 
lustration of system 10 for applying a flux coating to a 
substrate such as a circuit board 12. System 10 includes 
a conveyor 14 for transporting circuit board 12 through 
a flux coating chamber 1 6 in a direction of travel indicat- 
ed by arrow 13. A spray gun 20 having a nozzle 22 is 
disposed within coating chamber 16 and emits a liquid 
spray pattern 24 from nozzle 22. A control system 26 is 
operatively connected to spray gun 20 for intermittently 
pulsing gun 20 on and off to coat overlapping sections 
of the undersurface of circuit board 12 in response to 
circuit board 12 moving a predetermined distance 
through coating chamber 16 An overspray collection 



system 28, located within coating chamber 16, collects 
oversprayed flux and exhausts it through a vent 30 from 
coating chamber 16. 

As in the prior art, flux coating chamber 1 6 is located 

5 between an assembly station (not shown), where circuit 
components 54 are mounted on circuit board 12 with 
their leads 39 inserted into through-holes 41 extending 
through board 12, as shown in Figs. 2A, 2B, and 2C, 
and a preheat station (not shown) directly downstream 

'0 from coating chamber 1 6 where the board, subsequent 
to being coated with a solder flux, is heated to a prede- 
termined temperature which prevents damage from a 
high thermal gradient created when the board is passed 
through a conventional wave solder machine (not 

75 shown). 

Flux coating chamber 16 is formed with a front wall 
32, and a rear wall 34 provided with an inlet opening 36 
and an outlet opening 38, respectively, through which 
conveyor 14 passes. Conveyor 14 includes spaced co- 
20 planar conveyor chains 40 (only one being illustrated) 
which move in the direction of travel 1 8. Chains 40 each 
carry a plurality of equally spaced tabs 42, each with a 
finger 44 at its bottom which projects inwardly from the 
chain to which it is secured so as to point towards the 
25 fingers associated with the tabs (not shown) carried by 
the other chain (not shown). Fingers 44 serve to engage 
opposite edges of circuit board 12. The chains 40 are 
driven jointly, by a variable-speed electric motor (not 
shown). When chains 40 are driven in the direction in- 
30 dicated by the arrow 18, each circuit board 12 is carried 
through the flux coating chamber 16 and sprayed with 
a liquid spray pattern 24 dispensed by nozzle 22 of spray 
gun 20. After leaving flux chamber 16 through outlet 
opening 38, each circuit board 12 is transported through 
35 a preheat chamber (not shown) and then through the 
solder wave (not shown) lor soldering. 

Referring to Figs. 1 , 2A, 2B, and 2C, a conventional 
circuit board 12 is comprised of a sheet of insulative ma- 
terial, i.e. epoxy resin, having leading and trailing ends 
40 46 and 48, respectively. A plurality of through-holes 41 
extend between the coplanar upper surface 50 and un- 
dersurface 52 of board 1 2. Each through-hole 41 is plat- 
ed with a layer 43 of metal that is joined to a pair of 
spaced metallized areas (not shown), located on the op- 
45 posite surfaces 50 and 52. Metal paths (not shown) are 
provided on one or both of the surfaces 50 and 52 for 
selectively connecting the metallized areas. 

Circuit components 54 are mounted on the upper 
side 50 of circuit board 1 2 by means of leads 39 passing 
50 through the through-holes 41 and soldered in place to 
assure a solid mechanical and electrical bond between 
each lead and the metal layer in each corresponding 
through-hole. The soldering is preferably done in an au- 
tomatic fashion, such as by passing the circuit board 12 
55 over a wave of molten solder in a wave soldering ma- 
chine (not shown) so that the wave of solder contacts 
the undersurface 52 of the board and is drawn up into 
each through-hole 41 by wetting forces to bond the 
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leads 39 to the board. 

Prior to soldering, solder flux is applied to the un- 
dersurface 52 of the circuit board 12 so that during the 
subsequent soldering operation, the solder will wet the 
leads 39. the metal layer within the through-holes41 and 
the metallized areas. To assure a solid mechanical and 
electrical bond between tie leads 39 and the board 12, 
flux is preferably sprayed into the through-holes 41 after 
the leads are already in place. 

A principle feature of this invention is the use of a 
spray gun 20 disposed within coating chamber 16 to ap- 
ply a coating material such as solder flux, preferably a 
low-solid, or no-clean flux. While the invention is direct- 
ed to the application of a flux material, it is within the 
scope of the invention to apply other types of liquid coat- 
ing material. The spray gun 20 is an on/off device and 
sprays the same volume of solder flux for the same time 
period in which it is open. The spray gun 20 can be a 
Nordson Model A7A gun equipped with a Nordson 
Cross-Cut ® nozzle, manufactured by Nordson Corpo- 
ration of Westlake, Ohio, the assignee of the present 
invention. Spray gun 20 uses a spray coating technique 
called airless atomization whereby the liquid upstream 
of the nozzle orifice is hydrostatically pressurized to ex- 
pand after it exits the nozzle orifice into the air at ambient 
pressure so that the liquid stream expands and is atom- 
ized by the hydraulic force atone. Spray gun 20 is mount- 
ed on a gun mounting fixture (not shown) to vary the 
distance and to center the gun nozzle 22 with respect 
to undersurface 52 of circuit board 1 2. 

Another aspect of the invention is that the solder 
flux is pulsed onto the undersurface 52 of board 12 to 
ensure that the coating is uniformly applied across the 
undersurface 52 of the board without generating undue 
overspray. Pulsing in combination with a high pressure 
spray also ensures effective penetration of through- 
holes 41 in circuit board 12 because the flux impacts 
each through-hole in board 1 2 from more than one an- 
gle, since the board is moving and the gun 20 is fixed. 

As illustrated in Fig. 1 , board 12 is transferred in the 
direction of arrow 18. Board 1 2 is sprayed with the solder 
flux by spray gun 20 which in turn is controlled by control 
system 26. The control system 26 includes a sensor 56 
which is connected to a controller 60 by a line 58. A first 
distance between the sensor 56 and the nozzle 22 of 
spray gun 20 is programmed into controller 60. More 
typically, the first distance is set between sensor 56 and 
the front edge 24A of spray pattern 24 When the leading 
end 46 of circuit board 12 passes under sensor 56, the 
sensor is activated until the trailing edge 48 of the board 
passes the sensor as the board moves in the direction 
of travel 18. Sensor 56 outputs a length signal through 
line 56 to controller 60 corresponding to a second dis- 
tance equal to the length of board 12. Sensor 56 is po- 
sitioned upstream from the location of spray gun 20 to 
prevent overspray from spray gun 20 coating the sensor. 
Control system 26 includes an encoder 62 disposed ad- 
jacent and preferably connected directly to conveyor 1 4. 
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Encoder 62 outputs a number of encoder pulse (ep) sig- 
nals to controller 60 through line 64 corresponding to 
the distance of travel of conveyor 14. 

In a first embodiment controller 60 accesses a puls- 

5 ing program from a conventional means, such as a com- 
puter 66, through line 68. The pulsing program enables 
an operator to input, the distance between the sensor 
56 and the nozzle 22. If desired, the distance can be 
measured between the sensor 56 and the position 

10 where the forward edge 24A of the spray pattern 24 con- 
tacts the underside of board 12. Also ; the operator in- 
puts a selected period of time for pulsing spray gun 20 
on, and a predetermined number of encoder pulse sig- 
nals corresponding to the distance between the loca- 
ls tions on the circuit board 12 from when the spray gun is 
pulsed on and then pulsed on again. The predetermined 
number of encoder pulse signals are counted from 
whenever the spray gun is pulsed on. 

During the operation of the first embodiment, the 

20 control system 26, after having the first distance be- 
tween the sensor 56 and the forward edge 24A of the 
spray pattern 24, the selected period of time and the pre- 
determined number of encoder pulse signals already in- 
putted into the pulsing program as mentioned above, is 

25 activated when a circuit board 1 2 is moved by conveyor 
14 under sensor 56. Sensor 56 is then activated to 
sense the length of circuit board 1 2 carried on conveyor 
1 4 and to output a length signal corresponding to a sec- 
ond distance between the leading edge 46 and the trail- 

30 ing edge 48 of the circuit board into line 58. The length 
signal is inputted into controller 60 which in response 
thereto outputs a trigger signal for pulsing the spray gun 
20 on for the selected period of time after the leading 
edge 46 of circuit board 12 moves the first distance. 

35 Then, after circuit board 12 travels a distance corre- 
sponding to the predetermined number of encoder pulse 
signals counted from when spray gun 20 is pulsed on, 
controller 60 outputs another trigger signal for the se- 
lected period of time and the circuit board 12 moves a 

40 distance corresponding to the predetermined number of 
encoder pulse signals counted from when the latter trig- 
ger signal. This sequence of trigger signals is repeated 
until the circuit board 12 moves a distance correspond- 
ing to the length signal being output by the sensor 56 
when the controller 60 stops outputtmg trigger signals 
until the next circuit board passes under sensor 56 to 
repeat the sequence again. 

The control system 26 provides a unique benefit 
that the circuit board 12 will be coated with the same 

50 volume of solder flux per unit length irrespective of the 
speed of the conveyor 14 or the length of the circuit 
board, *i nis can be understood by the comparison of the 
following two examples using arbitrary distances and 
times. 

55 in example 1 relating to the first embodiment con- 

veyor 14 is set to move at 100 encoder pulses per sec- 
ond (ep/sec) Encoder 62 can be setup so that conveyor 
14 moves 1 inch for every 100 encoder pulses (ep). As 
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shown in Fig. 2A and Fig. 7A, spray gun 20 is pulsed on 
for selected period of time of 50 milliseconds (.050 sec) 
after the leading edge 46 of circuit board 12 moves the 
first distance, for example 600 ep (6 inches), from sen- 
sor 56 to the location where the front edge 24A of spray 
pattern 24 contacts the underside 52 of the board. The 
spray is thus on .050 sec and is repeated every 50 ep 
while the board moves .05 inches. The width of the 
spray pattern 24, i.e., between side edge 24A and 24B 
is typically about 1.5 inches in width. Spray pattern 24 
is diagrammatically shown to be wider for purposes of 
illustration. The width of the coating applied to the un- 
dersurface of the circuit board 1 2 in this example is thus 
1 .55 inches. After the circuit board 12 has moved a dis- 
tance equal to 50 ep (0.5 inches) from the position of 
when the gun is initially pulsed on, spray gun 20 is 
pulsed on again for .05 sec and the cycle or sequence 
repeats every 50 ep. The next spray pulse is pulsed on 
again and coats a second section for 1.5 inches plus . 
05 inches of board travel which overlaps the first section. 
Since the side edge of the spray pulse is approximately 
1.5 inches in width and since the second spray pulse 
will be actuated for .050 sec at 0.5 inches from the start 
of the first spray pulse, the first and second sections and 
will overlap by approximately 1 .0 inches 

In example 2 relating to the first embodiment as 
shown in Fig. 7B, the conveyor is set to move at 200 ep/ 
sec Encoder 62 remains setup so that conveyor 14 
moves 1 inch for every 100 encoder pulses (ep) The 
spray gun 20 is pulsed on for selected period of time of 
50 milliseconds (.050 sec) after the leading edge 46 of 
the circuit board 1 2 moves the first distance, for example 
600 ep (6 inches) from sensor 56 to the front edge 24A 
of spray pattern 24. The spray is thus on while the board- 
moves .10 inches. The width of the spray pattern 24, i 
e., between side edge 24A and 24B is typically about 
1 .5 inches in width. The width of the coating applied to 
the undersurface of the circuit board 1 2 in this example 
is thus 1 .60 inches. After the circuit board 1 2 has moved 
a distance equal to 50 ep (.50 inches) from the position 
of when the gun is initially pulsed on, spray gun 20 is 
pulsed on again for .050 sec and the cycle or sequence 
repeats every 50 ep. The next spray pulse is pulsed on 
again and coats a second section for 1.5 inches plus . 
1 0 inches of board travel which overlaps the first section. 
Since the side edge of the spray pulse is approximately 
1.5 inches in width and since the second spray pulse 
will be actuated for .050 sec at .5 inches from the start 
of the first spray pulse, the first and second sections will 
still overlap by approximately 1 .0 inches. 

Using the prior art controller as described in Patent 
No. 5,415,337, the controller outputs a trigger signal for 
pulsing spray gun 20 on for a selected number of en- 
coder pulses and then triggers the spray gun off for a 
certain number of counts from encoder 128. This con- 
tinues for a preprogramed distance. The prior art control 
system will coat circuit board 1 2 with a different volume 
of solder flux per unit length depending on the speed of 
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the conveyor. This can be understood by the compari- 
son of the following two examples using arbitrary dis- 
tances and times similar to those used in describing the 
first embodiment above. 

s In a third example relating to the prior art controller, 
as shown in Fig. 7C, the encoder remains setup so that 
conveyor moves 1 inch for every 100 encoder pulses 
(ep) and the conveyor is set to move at a desired speed, 
such as for example, 1 00 ep/sec or one inch per second. 

10 At this speed, the encoder generates an encoder pulse 
for every .01 inches of conveyor movement. The gun is 
pulsed open for 5 ep or .05 inches of conveyor move- 
ment. The period of time that the gun is open is .050 
seconds. Then the controller closes the gun for 50 ep 

75 or .5 inches of board movement. The width of the spray 
pattern between side edge 24A and 24B is 1.5 inches 
in width. The width of the coating applied to a first section 
of the undersurface of the circuit board 1 2 in this exam- 
ple is thus 1.55 inches. After the circuit board 12 has 

20 moved a distance equal to 50 ep (.5 inches) from the 
position of when the gun is pulsed off, spray gun 20 is 
pulsed on again lor 5 ep or .05 inches of conveyor move- 
ment coats a second section for 1.5 inches plus .05 
inches of board travel which overlaps the first section. 

25 Then, the gun is pulsed off for 50 ep and the cycle or 
sequence repeats itself until the end of the board is 
sensed by the sensor. Since the side edge of the spray 
pulse is approximately 1.5 inches in width and since the 
second spray pulse will be actuated for 0 05 inches, af- 

30 ter the start of the first spray pulse, the first and second 
sections will still overlap by approximately 1.0 inches. 

In a fourth example relating to the prior art controller, 
as shown in Fig. 7D, the encoder remains setup so that 
conveyor moves 1 inch for every 100 encoder pulses 

35 (ep) and the conveyor is set to move at a desired speed, 
such as for example, 200 ep/sec or two inches per sec- 
ond. The encoder generates an encoder pulse for 
every .01 inches of conveyor movement. The gun is 
pulsed open for 5 ep or .05 inches of conveyor move- 

40 ment. Note, however that the gun is only on for .025 sec 
as compared with .050 sec in Example 3. Since the vol- 
ume of solder flux dispensed by the gun in the same 
period of time does not change, in Example 4 about one 
half of the volume of solder flux is coated onto the same 

45 length of board as coated onto the board of Example 3 
where the board is moving at half the speed of the board 
in Example 4. The prior art controller continues the se- 
quence by closing the gun for 50 ep or .5 inches of board 
movement. The width of the spray pattern between side 

so edge 24A and 24B is 1.5 inches in width. The, width of 
the coating applied to a first section of the undersurface 
of the circuit board 1 2 in this example is thus 1 .55 inch- 
es. After the circuit board 1 2 has moved a distance equal 
to 50 ep (.5 inches) from the position of when the gun is 

55 pulsed off, spray gun 20 is pulsed on again for 5 ep or . 
05 inches of conveyor movement coats a second sec- 
tion for 1 .5 inches plus .05 inches of board travel which 
overlaps the first section. Then, the gun is pulsed off for 
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50 ep and the cycle or sequence repeats itself until the 
end of the preprogramed distance. Since the side edge 
of the spray pulse is approximately 1.5 inches in width 
and since the second spray pulse will be actuated for 
0.05 inches, after the start of the first spray pulse, the 
first and second sections will still overlap by approxi- 
mately 1.0 inches. However because of the increased 
speed of the conveyor, only one half of the amount of 
solder flux will be coated to the underside of the board. 

Another aspect of the first embodiment is the ability 
to program in the pulsing program a lead distance of a 
desired number of encoder pulses which represent an 
additional distance that the circuit board travels before 
the spray gun is pulsed on. This feature is useful to ac- 
count for the width of the spray pattern so that the spray 
does not extend past the leading edge 46 ot board 1 2 
as overspray. Also, this feature is uselul when several 
circuit boards 1 2 are carried on a pallet 70, as illustrated 
in Fig. 3. Pallet 70 has a front rail 72 and a rear rail 74 
and the circuit boards 1 2 are abutted against each other 
therebetween, in order that the front rail 72 is not 
sprayed, the lead distance is programmed into the pulse 
program so that the gun is not pulsed on until the front 
rail of pallet 70 moves a number of encoder pulses equal 
to both the predetermined distance between sensor 56 
and the nozzle 22 plus the width of front rail 72 In ad- 
dition, the pulsing program can include a lag distance of 
a desired number of encoder pulses which represent the 
width of rear rail 74 In order that the rear rail 74 is not 
sprayed, the lay distance is programmed into the pulse 
program so that gun 20 is not pulsed on when pallet 70 
moves a second distance between leading edge 46 and 
trailing edge 48 of circuit board 1 2 less the lag distance. 

Another feature of the first embodiment is the pro- 
vision of a minimum trigger distance in encoder pulses. 
If the sensor 56 turns on or off for the minimum trigger 
distance, the signal is ignored and does not effect the 
control function of controller 60. For example, if a circuit 
board 12 has an open area whose length is less than 
the minimum trigger distance, the signal from sensor 56 
that would indicate the presence of the trailing edge is 
less than the minimum trigger distance and does not ac- 
tivate the controller 60. 

In a second embodiment controller 60 accesses a 
pulsing program with a pattern control mode from a con- 
ventional means, such as a computer 66, through line 
68. The pattern control mode pulsing program enables 
an operator to input a pulsing pattern of a plurality of 
zones each having a different pulse pattern (period of 
time that the gun is pulsed on and predetermined 
number of encoder pulse signals for the length of each 
zone) to be sprayed on the circuit board. After the puls- 
ing pattern is sprayed, the pulsing pattern repeats >;self 
until the end of the board. While in a typical application 
the pulsing pattern includes two or three different zones 
programmed into the pattern control mode pulsing pro- 
gram, it is possible to program in addition zones the 
pulsing pattern as required. The pattern control mode 



pulsing program also enables an operator to input a pre- 
determined number of encoder pulse signals corre- 
sponding to a second distance between leading edge 
46' and trailing edge 48' of circuit board 12', as shown 
5 in Fig. 4. Throughout the specification, primed numbers 
represent structural elements which are substantially 
identical to structural elements represented by the same 
unprimed number. 

During the operation of the second embodiment, 
to the control system 26, after having the first distance be- 
tween the sensor 56 and the nozzle 22 or the forward 
edge 24Aof the spray pattern 24, the selected period of 
pulse on time and the predetermined number of encoder 
pulse signals for each plurality of zones A, B, C, as 
is shown in Fig. 4, of the pulsing pattern already inputted 
into the pulsing program as mentioned above, is activat- 
ed when conveyor 14 moves a circuit board 12' under 
sensor 56. Sensor 56 is then activated to sense the lead- 
ing edge 46' of the circuit board 1 2' carried on conveyor 
20 1 4 and to output a sensor signal into line 58. The sensor 
signal is inputted into controller 60 which in response 
thereto outputs a first trigger signal for pulsing the spray 
gun 20 on for a first period of time during the movement 
of circuit board 12' for a first predetermined number of 
25 encoder pulses corresponding to the length of the first 
zone A, then a second trigger signal for pulsing the spray 
gun 20 on for a second period of time during the move- 
ment of the circuit board for a second predetermined 
number of encoder pulses corresponding to the length 
30 of the second zone B, then a third trigger signal for puls- 
ing the spray gun 20 on for a third period of time during 
the movement of the circuit board for a third predeter- 
mined number of encoder pulses corresponding to the 
length of the third zone C. Then the program repeats the 
35 sequence and applies the pulsing pattern for the next 
circuit board passing under sensor 56. 

Another aspect of the second embodiment is the 
ability to program in the pulsing program a lead distance 
of a desired number of encoder pulses which represent 
40 an additional distance that circuit board 12' travels be- 
fore spray gun 20 is pulsed on. This feature is useful to 
account for the width of the spray pattern so that the 
spray does not cross the leading edge 46' of the board 
12' as overspray. Also, this feature is useful when sev- 
45 eral circuit boards 12' are carried on a pallet 70', as il- 
lustrated in Fig. 5. Pallet 70' has a front rail 72' and a 
rear rail 74' and the circuit boards 1 2' are abutted against 
each other therebetween. In order that front rail 72' is 
not sprayed, the lead distance is programmed into the 
50 pattern control mode pulsing program so that the spray 
gun is not pulsed on until the front rail 72' of pallet 70* 
moves a number of encoder pulses eq^al to both the 
predetermined distance from the sensor 56 to nozzle 22 
plus the width of the front rail. In addition, the pattern 
55 control mode pulsing program can include a lag distance 
of a desired number of encoder pulses which represent 
the width of rear rail 74V In order that the rear rail 74' is 
not sprayed, the lag distance is programmed into the 
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pulse program so that the gun is not pulsed on when 
pallet 70* moves a second distance between the leading 
edge 46' and trailing edge 48' of circuit board 12' less 
the lag distance. 

Another teature of the pattern control mode pulsing 
program is the provision of a minimum trigger distance 
in encoder pulses. If sensor 56 turns on or off tor the 
minimum trigger distance, the signal is ignored and does 
not effect the control function of controller 60. For ex- 
ample, if the circuit boards 12' are loaded on pallet 70' 
so that a vacant space 76 exists between the trailing 
edge 48' of circuit board 1 2' and the leading edge 46' of 
the adjacent circuit board, as shown in Fig. 6, the con- 
troller does not stop pulsing the gun on because the 
length of the vacant space is less than the minimum trig- 
ger distance. In anotner example, when the width of the 
rear rail 74' ts less than the minimum trigger distance, 
the signal from sensor 56 is less than the minimum trig- 
ger distance and does not activate the controller 60. 

It is apparent that there has been provided a system 
and method for applying a flux coating to a circuit board 
that satisfy the objects, means and advantages set forth 
hereinbefore. According to one embodiment, a control 
system operates a spray gun to apply an even coating 
of flux to a circuit board or a plurality of different length 
circuit boards irrespective of the speed that the circuit 
board(s) move through the coating chamber. In a sec- 
ond embodiment, the control system pulses the spray 
gun on and off with a pulsing pattern that coats a plurality 
of zones of a circuit board with spray patterns of flux of 
different length and thickness. 
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2. A control system as claimed in Claim 1 , wherein the 
controller pulses the spray gun off after the sub- 
strate moves the second distance. 

3. A control system for controlling the application of a 
coating material to a substrate, the system compris- 
ing a conveyor for transporting the substrate in a 
direction of travel, a spray gun emitting a spray pat- 
tern of coating material, an encoder disposed adja- 
cent the conveyor to output encoder pulse signals 
corresponding to the distance of travel of the con- 
veyor, a sensor disposed adjacent the conveyor 
and upstream of the spray gun a first length dis- 
tance to sense the substrate on the conveyor and 
output a sensor signal corresponding to the leading 
edge of the substrate, and a controller operatively 
connected to the spray gun, the encoder and the 
sensor, the controller being activated in response 
to the sensor signal from the sensor to output a re- 
curring sequence of at least two patterns of trigger 
signals after the leading edge of the substrate 
moves the first length distance, the at least two pat- 
terns of trigger signals for pulsing the spray gun on 
for a first period of time beginning when the sub- 
strate travels a first distance corresponding to a first 
number of encoder pulse signals and then pulsing 
the spray gun on for a second period of time when 
the substrate travels a second distance corre- 
sponding to a second number of encoder pulse sig- 
nals counted from the last of the first number of en- 
coder pulses. 



Claims 

1. A control system for controlling the application of a 
coating material to a substrate, the system compris- 
ing a conveyor for transporting the substrate in a 
direction of travel, a spray gun emitting a spray pat- 
tern of coating material, an encoder disposed adja- 
cent the conveyor to output encoder pulse signals 
corresponding to the distance of travel of the con- 
veyor, a sensor disposed adjacent the conveyor 
and upstream of the spray gun a first length dis- 
tance to sense the length of the substrate on the 
conveyor and output a length signal corresponding 
to a second distance between the leading edge and 
trailing edge of the substrate, and a controller oper- 
atively connected to the spray gun, the encoder and 
the senor, the controller being activated in response 
to the length signaj from the sensor to output a se- 
quence of trigger signals for pulsing the spray gun 
on lor a selected period of time after the leading 
edge of the substrate moves the first length dis- 
tance and every time the substrate travels a third 
distance corresponding to a predetermined number 
of encoder pulse signals counted from whenever 
the spray gun is pulsed on 



4. A control system as claimed in Claim 3 wherein the 
controller pulses the spray gun off in response to 
the sensor sensing the trailing edge of the sub- 
strate. 

5. A control system as claimed in Claim 3 or Claim 4 
wherein the recurring sequence output by the con- 
troller further includes at least a third pattern of trig- 
ger signals after the leading edge of the substrate 
moves the first length distance, the at least third pat- 
tern of trigger signals for pulsing the spray gun on 
for a first period of time beginning when the sub- 
strate travels a first distance corresponding to a first 
number of encoder pulse signals and then for puls- 
ing the spray gun on for a second period of time 
when the substrate travels a second distance cor- 
responding to a second number of encoder pulse 
signals counted from the last of the first number of 
encoder pulses, and then for pulsing the spray gun 
on for a third period of time when the substrate trav- 
els a third distance corresponding to a third number 
of encoder pulse signals counted from the last of 
the second number of encoder pulses. 

6. A control system as claimed in any one of Claims 1 
to 4. wherein the controllers pulses the spray gun 
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on after the substrate moves the first length dis- 
tance plus an additional lead distance. 

7. A control system as claimed in any one of Claims 1 
to 4 or 6, wherein the controller pulses the spray 
gun off after the substrate moves the second dis- 
tance less an additional lag distance. 

8. A control system for controlling the application of a 
coating material to a substrate, the system compris- 
ing a conveyor for transporting the substrate in a 
direction of travel, a spray gun emitting a spray pai- 
tern of coating material, an encoder disposed adja- 
cent the conveyor to output encoder pulse signals 
corresponding to the distance of travel of the con- ?s 
veyor, a sensor disposed adjacent the conveyor 
and upstream of the spray gun a first length dis- 
tance to sense the substrate on the conveyor and 
output a sensor signal, and a controller operatively 
connected to the spray gun, the encoder and the 
sensor, the controller being activated in response 
to the sensor signal to output a recurnng sequence 
of trigger signals for pulsing the spray gun on to ap- 
ply pulses of material at different rates to different 
regions of the substrate. 

9. A control system as claimed in any preceding claim, 
wherein the coating material is a flux coating liquid 
and the substrate is a circuit board 



20 



25 



30 



10. A control system as claimed in any preceding claim, 
wherein the controller is provided with a minimum 
trigger distance in encoder pulses which causes the 
controller to ignore a signal from the sensor when 
the distance travelled by the substrate is less than 35 
the minimum trigger distance. 
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